Objective: To examine the feasibility of a trial to evaluate web-based physiotherapy compared to a standard home exercise programme in people with multiple sclerosis. Design: Multi-centre, randomized controlled, feasibility study. Setting: Three multiple sclerosis out-patient centres. Participants: A total of 90 people with multiple sclerosis (Expanded Disability Status Scale 4-6.5). Interventions: Participants were randomized to a six-month individualized, home exercise programme delivered via web-based physiotherapy (n = 45; intervention) or a sheet of exercises (n = 45; active comparator). Outcome measures: Outcome measures (0, three, six and nine months) included adherence, twominute walk test, 25 foot walk, Berg Balance Scale, physical activity and healthcare resource use. Interviews were undertaken with 24 participants and 3 physiotherapists. Results: Almost 25% of people approached agreed to take part. No intervention-related adverse events were recorded. Adherence was 40%-63% and 53%-71% in the intervention and comparator groups. There was no difference in the two-minute walk test between groups at baseline and no change over time (at six-month Intervention-81.6(32.75)m, Comparator-74.8(36.16)m. There were no significant changes over time in other outcome measures except the EuroQol-5 Dimension at six months which decreased in the
Introduction
People with multiple sclerosis benefit from rehabilitation, 1 but access is limited in part because of resource limitations. 2 Web-based interventions may overcome this since they can provide tailored programmes and improve access to specialist therapists or services particularly for those with work/ family commitments, rural location or limited mobility; [3] [4] [5] but further evidence is needed concerning its effectiveness and costs. Previous research on web-based interventions has examined the effectiveness of general physiotherapy programmes 3, 6, 7 or specific multiple sclerosis impairments such as balance, 1, 8 strength 9 or reduced physical activity. 10, 11 We previously undertook a 12-week randomized controlled pilot study to investigate web-based physiotherapy for people with multiple sclerosis (Expanded Disability Status Scale (EDSS): 5-6.5). 6 The results showed trends towards improvement in walking speed, symptoms and the physical impact of multiple sclerosis. 6 Like previous studies, our initial study was limited by small sample size 3, 7, 8 and short intervention period. 7, 8 Therefore, the aim of this feasibility randomized controlled trial (RCT) was to examine a six-month web-based physiotherapy exercise programme compared to a standard home exercise programme (active comparator) in people moderately affected by multiple sclerosis. The primary research objective was to estimate the sample size required for a future RCT. Secondary objectives included the following: (a) to inform the recruitment strategy for a future trial, (b) to estimate attrition rates, (c) to estimate adherence to the intervention, (d) to identify baseline factors most strongly associated with outcomes, as potential stratification factors in the definitive trial, (e) to determine the acceptability and feasibility of web-based physiotherapy, (f) to help establish the eligibility criteria for a definitive trial, and (g) to undertake an exploratory cost-effectiveness analysis of web-based physiotherapy compared to the active comparator.
Methods and materials
The study was prospectively registered on ClinicalTrials.gov (Identifier: NCT02508961), ethical approval was obtained from the West of Scotland Research Ethics Service (Ref: 15/ WS/0030; March 2015-January 2016) and University of Glasgow acted as study sponsor. This randomized, controlled, multi-centre feasibility study aimed to recruit 90 people with multiple sclerosis from three centres (30 from each centre)-NHS Ayrshire and Arran, NHS Lothian and Plymouth Hospitals NHS Trust-over a sevenmonth period (June 2015-December 2015). The sample size was based on previous pilot data 6 and the assumption that each centre could recruit one participant per week.
Potential participants were identified through neurology, multiple sclerosis specialist nurse/physiotherapy clinics and from the multiple sclerosis regional register/iMED database in Plymouth and were issued a letter of invitation. To be included participants were required to have a confirmed active comparator group. For a difference of 8(17.4)m in two-minute walk test between groups, 76 participants/group would be required (80% power, P > 0.05) for a future randomized controlled trial. Conclusion: No changes were found in the majority of outcome measures over time. This study was acceptable and feasible by participants and physiotherapists. An adequately powered study needs 160 participants.
Keywords
Physiotherapy, exercise, multiple sclerosis, Internet diagnosis of multiple sclerosis, 12 an EDSS of 4.0-6.5 13 and access to a personal computer/tablet with an email address and Internet connection. Participants were excluded if they were currently taking part in regular exercise (⩾two times/week) and/or regular physiotherapy programme, had poor cognitive function (Mini Mental State Examination Score < 24), 14 any significant change in medication or a relapse within the last three months, other significant co-morbidities for which exercise would be contra-indicated or were currently participating in another clinical trial.
At the initial appointment, potential participants were screened for eligibility, written informed consent was obtained and baseline assessments were performed. One week later, participants' were given an appointment with an experienced neurological physiotherapist where they received a standardized physiotherapy assessment. Goals were agreed, from which an individualized exercise programme was devised. Participants were then randomized to the intervention or active comparator group using a remote, telephone automated randomization system within the Glasgow Clinical Trials Unit. Randomization was stratified by study centre and EDSS (4.0-5.0 and 5.5-6.5). Participants were provided with their exercise programme either via web-based physiotherapy or as a printed sheet of exercises. All participants were asked to complete their exercise programme twice weekly and received a weekly telephone call/email for the first two weeks to discuss any issues.
Outcome measures were performed at baseline, three months, six months (post intervention) and nine months (follow-up) by a blinded research assistant at each site. Primary outcome measures were adherence and the two-minute walk test. 15, 16 Adherence was measured from the electronic (webbased physiotherapy) or returned paper diaries (active comparator). Participants were advised to undertake their physiotherapy programme twice per week for six months (2 × 26 weeks = 52 diary entries). Secondary outcome measures included the Timed 25 Foot Walk, 17 Timed Up and Go test, 18 Berg Balance Scale, 19 Multiple Sclerosis Impact Scale v2, 20 Multiple Sclerosis-Related Symptom Checklist, 21 Hospital Anxiety and Depression Scale, 22 EuroQol-5 Dimension (EQ-5D), 23 and steps taken/day measured objectively worn continuously for one week using the activPAL tri-axial accelerometer (Pal Technologies Ltd, Glasgow, UK). 24, 25 The device was attached to the participant's midthigh using a waterproof Tegaderm dressing, and participants kept a diary to record their sleep time. Healthcare resource use, physiotherapist time, general practitioner (GP) visits, nurse visits, other multiple sclerosis or outpatient review, accident and emergency attendance and hospital stay were recorded by self-report questionnaire.
To determine the acceptability and feasibility of the study, semi-structured telephone interviews were undertaken with physiotherapists and participants. The interviewer was a member of the research team unknown to participants. A purposive sample of 24 participants, eight from each study site (both groups), consented to take part. The purposive sample was selected using a sampling matrix to include age (<50 years, >50 years), disability (EDSS 4.0-5.0 and 5.5-6.5) and gender. Participants were asked their reasons for taking part in the study, their views of the assessments and intervention, any issues faced, perceived benefit and recommendations for a future trial.
Web-based physiotherapy
Participants randomized to the web-based physiotherapy intervention received an individualized exercise programme delivered via www.webbasedphysio.com. Programmes could consist of cardiovascular, strengthening and balance exercises, as well as warm up, cool down and stretching exercises, at different levels of difficulty and a prescribed number of sets/repetitions individualized to meet the participants' needs. The website contained exercises (videos, text and audio description) and disease-specific advice and education (described in Paul et al. 6 ). During the intervention period, the physiotherapist reviewed electronic exercise diaries every two weeks and remotely altered programmes in response to a participant's comments. Alterations could include changing exercises, difficulty level or number of repetitions/sets. Participants were informed of any changes by email.
Active comparator
Participants randomized to the active comparator intervention received a printed sheet of exercises (www.physiotherapyexercises.com). Programmes consisted of similar exercises as above. Participants completed a paper-based exercise diary that was posted to the research team every three months.
The three physiotherapists also consented to take part in a telephone interview. They were asked regarding their experiences of delivering the interventions, issues in operationalizing the protocol and recommendations for a future trial.
Data analysis
All analyses were performed on an intention-totreat basis using SAS for windows v9.3. Categorical variables are summarized as number and percentage (n(%)). Continuous variables were summarized by mean and standard deviation (SD) or median and interquartile range (IQR) as appropriate. Adherence data were considered as those who recorded no exercise sessions per four-week period; non-adherence (<75% of completed sessions) and adherence (⩾75% of completed sessions) were compared between intervention groups using chi-square tests. Between-group differences were assessed using analysis of covariance (ANCOVA) adjusted for baseline value and stratification variables (centre and EDSS) and Cohen's (d) effect sizes were calculated. 26 Cost-effectiveness was explored using healthcare resource use and valued using UK cost sources. [27] [28] [29] EQ-5D data were used to derive health utility values and estimate quality-adjusted lifeyears (QALYs) gained. 30 Mean costs and QALYs associated with each treatment group were estimated using generalized linear models. Telephone interviews were audio-recorded, transcribed verbatim and analysed using thematic analysis. One researcher first coded all scripts, and then, two researchers independently identified emerging themes and subthemes. Following this, discussion was held between the researchers to agree and finalize themes and subthemes.
Results
A total of 90 people with multiple sclerosis were recruited ( Figure 1) ; however, to achieve our target sample size, the data collection period was extended from 7 to 12 months (June 2015-May 2016; Supplemental Figure 1 ). The sample consisted of 21 males and 69 females; mean age = 56.1 (SD = 9.6) years (Table 1) . Eight people (18%) from the intervention group and five (11%) from the active comparator group withdrew from the study (Figure 1 ). 31 One participant received the web-based physiotherapy intervention rather than the active comparator, although with intention to treat analysis, they were considered as having received the comparator intervention.
Between 40% and 63% of participants adhered to the web-based physiotherapy intervention (≥75% completed diaries) and between 53% and 71% to the active comparator during each fourweek period (Supplemental Table 1 ). In both groups, adherence reduced over time, but over 40% of participants were still adhering to their programme at six months. The proportion of people who had no diary entries was 16%-24% in the intervention group and 22%-27% in the comparator group. No significant differences were found between both groups.
Compared to baseline, there were no changes in the majority of outcome measures, in either group, at three, six and nine months, with the exception of the EQ-5D at six months in the active comparator group (Table 2) .
Sixty adverse events were recorded; intervention group (n = 27), active comparator group (n = 33) and 42 of these were falls. Two participants had skin reactions due to the Tegaderm. None of the adverse events were deemed to be related to the intervention.
Telephone interviews were completed by 8 men and 16 women (mean age 56.2 (SD 9.6) years, 11 received web-based physiotherapy and 13 the comparator intervention (EDSS 4.0 (n = 4), EDSS 4.5 (n = 3), EDSS 5.0 (n = 1), EDSS 6.0 (n = 11), EDSS 6.5 (n = 5))). Analysis of the interview transcripts yielded three themes and 13 subthemes (Supplemental Table 2 ). Participants had a variety of reasons for taking part in the study, most wanted to get back to exercise to improve their physical condition, but for some, a realistic goal was to maintain their physical ability. Taking part in the study was stated as a way of getting more therapy, providing a sense of purpose and to help others with multiple sclerosis.
In general, participants were very positive about the study, some people had a preference in terms of group allocation, often determined by previous experience, but no one felt very strongly. A number of people suggested an additional appointment with the physiotherapist to review progress would have been beneficial. Participants from both groups appreciated the individualized nature of their programme. There was notable variation in the number of exercises participants reported, and very few instances of exercise programmes being changed or progressed. Most people reported some benefit from exercising and gave examples of both multiple sclerosis (e.g. fatigue) and non-multiple-sclerosis-related factors (e.g. holidays or surgery) which affected their adherence. Participants in the comparator group reported that completing the exercise diary was motivating. Finally, some suggestions were proposed to improve the web-based physiotherapy website including being able to retrospectively complete exercise diaries.
Analysis of the transcripts from the physiotherapists' interviews resulted in three themes and nine subthemes (Supplemental Table 3 ). There were some challenges with recruitment mentioned as other studies were recruiting at the same time. All three therapists commented that some participants had a significant distance to travel for assessments which may have affected the outcomes due to fatigue. The physiotherapists reported that it only took a few minutes to review diaries through webbased physiotherapy and suggested being able to retrospectively add diary entries would have been useful. The therapists reported initial goals were not reviewed and stated that another appointment would have been useful. Participants rarely left comments in their diaries which meant that the physiotherapists were unable to change/progress their programme. When changes were made, it tended to be a change in the dose of the exercise rather than add/change the exercise.
The results of the within-trial analysis found that the web-based intervention was associated with lower costs (£954), compared to standard treatment (£1,076). This was associated with a small QALYs gain in the intervention group (0.557), compared with the comparator group (0.517). We undertook a bootstrap analysis to explore uncertainty associated with our results. The results estimated a mean cost difference between treatment groups of £122 (95% confidence interval (CI): -583.856, 339.206) and a mean difference in QALYs of 0.03 (95% CI: -0.012, 0.072). Although the web-based intervention had the potential to dominate the standard treatment, as it provides additional QALYs for a lower cost, there is substantial uncertainty associated with these estimates. 
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Discussion
Adherence to the intervention was good, 40%-63% in the web-based physiotherapy group and 53%-71% in the comparator group, with the lowest adherence during the last month of the study. Direct comparison with previous studies is challenging due to different methods of defining adherence, although all demonstrated that adherence to webbased physiotherapy reduces over time. 9, 10, 32 Tallner et al. 9 reported that 73% of participants completed 80% or more of their programme during months 1-3 which reduced to 36% during months 4-6; Motl et al. 10 reported that 96% of participants logged on to the website in weeks 1-2 which reduced to 52% at week 8, and Conroy et al. 3 reported that only half of the participants adhered to their programme and almost one quarter completed no exercise diaries. Adherence to home-based exercise is affected by factors such as low motivation, pain and past experience of exercise. 32 Participants in the active comparator group reported that completing and returning the exercise diaries improved their adherence. Return of exercise diaries is not part of usual care and may have inflated adherence in this group. Although our adherence was better than previous studies, it is clear that other strategies to improve adherence, for example, more contact with a healthcare professional and more frequent updates, are required. 33 Specific strategies are needed to engage those with no diaries entries.
In terms of recruitment, 24% of those invited to participate took part in the study. There were no issues raised around the eligibility criteria. The recruitment rate of around two per month was less than the anticipated four per month per centre. Recruitment was generally on target for the first six months; however, this recruitment rate was not maintained partly due to this study 'competing' for participants with other studies. The most common pathway to recruitment was via the nurses or consultants. Thus, the recruitment strategy of a future trial would consider that around 1 in 4 of those invited will be recruited, would be predicated on an anticipated recruitment rate of two participants per month and would favour recruiting participants directly from clinics/healthcare staff.
Although there were no significant changes in outcome measures, participants in both groups maintained their clinical outcomes over the intervention period, and during interview, a number of participants reported improvements in, for example, walking, balance and strength. Multiple sclerosis is a progressive neurological condition, and some participants reported that their goal was to maintain their functional status rather than improve. Similarly, Conroy et al. 3 recruited people with multiple sclerosis with levels of disability similar to this study and reported no significant improvement in outcomes following a six-month web-based physiotherapy intervention. Web-based exercise may have the potential to maintain the clinical status of people with multiple sclerosis with higher levels of disability; however, further investigation with the inclusion of a control group with no exercise intervention, to assess the natural history of participants, is required.
The dose of exercise prescribed may explain the lack of improvement in outcome measures. Similar to Conroy et al., 3 our study took place within the context of available resources, with exercise programmes reflecting physiotherapy practice (including aerobic, strengthening, cardiovascular and functional exercises). Only one similar, small, uncontrolled, short-term (12 week) web-based physiotherapy study found some improvements in people with multiple sclerosis. 7 In contrast, previous web-based studies in multiple sclerosis that have focussed on a single impairment, for example, strengthening, 9 physical activity 10 or balance, 8 have reported positive results. It is possible that with a combined programme, the dose of exercise for any one component is insufficient for physiological changes to take place, thus web-based interventions need to focus on specific impairments in order to achieve meaningful change.
Few participants left comments in their exercise diaries; therefore, therapists had no clinical rationale to change programmes, which resulted in a lack of exercise progression. The physiotherapists were reluctant to add exercises without seeing the participant to ensure they were doing new exercises correctly and any progress tended to be an increase in repetitions of the same exercises, this was also raised by Conroy et al. 3 Delivering physiotherapy programmes remotely is a different service delivery model, which appears to challenge professional practice and values.
From the data of this study and clinical experience, it is estimated that the difference in two-minute walk test between intervention and comparator groups would be 8 m, assuming a SD of 17.4 m. Therefore, for 80% power at the 0.05 significance level, 76 participants per group would be required for a future definitive RCT. However, attrition across the study period was 18% in the intervention group and 11% in the active comparator group which is notably less than previous web-based interventions of similar duration; 39% attrition in Tallner et al. 9 and 35% attrition in Conroy et al. 3 Thus, allowing for a conservative dropout rate of 20%, 95 participants per group would be required.
The estimated differences in costs and QALYs between groups were small and further research to reduce the uncertainty associated with these estimates would be beneficial. The association between changes in functional status and changes in Healthrelated Quality of Life remains unclear in the literature, particularly given the questionable sensitivity of the EQ-5D in people with multiple sclerosis. 34 While some studies have found some improvement in Health-related Quality of Life in people with multiple sclerosis, 8, 35, 36 others found no change. 6, 7, 11 Further research is required to determine the impact of web-based physiotherapy on Health-related Quality of Life in people with multiple sclerosis and the suitability of EQ-5D.
This study has a number of limitations. Paper exercise diaries were used in the active comparator group to measure adherence; however, this is not part of usual care and may have increased adherence levels. The study did not include a non-exercising control group; therefore, comparisons to the natural history of multiple sclerosis cannot be made. Exercise programmes were individually tailored to participants to reflect clinical practice; however, this meant that dose of exercise varied greatly and there were few examples of progression of programmes. This lack of progression was due to the paucity of diary comments, and therefore, a reluctance on the part of the therapists to progress exercises without face-to-face contact exists. As such, the exercise dose may have been insufficient to induce physiological changes and hence outcome measures.
This study has established the recruitment strategy for a definitive RCT of web-based physiotherapy for people moderately affected by multiple sclerosis. There are, however, a few uncertainties which require to be addressed before progressing to a full RCT. These include strategies to reduce the variation in prescribed exercise dose, for example, manualizing the intervention, determining the number and format of contacts with healthcare staff to optimize adherence and outcomes and providing staff education/training in the remote delivery of services.
Clinical messages
• • The web-based physiotherapy-based intervention was piloted and found to be feasible and acceptable to both participants and physiotherapists, with no intervention-related adverse events. • • The two-minute walk test and other secondary outcome measures were suitable; however, further consideration of the sensitivity of EQ-5D in multiple sclerosis is required • • Based on the two-minute walk test, for 80% power, at the 0.05 significance level, 76 participants per group would be required for a future definitive RCT.
